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Abstract 
This paper describes the dramatic success in the eco-restoration of a heavy-metal contaminated open garbage dump at the Amrita Institute 
of Medical Sciences (AIMS), a 1450-bed super-specialty hospital located in Kochi, Kerala, India. Today, the hospital caters to over 10 lakh 
patients annually. Inspired by our Chancellor’s vision of zero-waste, the hospital undertook its journey with a view to also reducing massive 
greenhouse gas emissions that result from improper handling of waste. Today, the hospital manages its municipal solid waste on an 
industrial scale, composting some eight metric tonnes of organic waste daily. This case study outlines the path followed to achieve zero-
waste. Alongside, the rehabilitation of a former dump site is described in detail at this very site are carried out all composting operations of 
AIMS. Within three years of the restoration activities, heavy metal concentrations in the contaminated soil reduced drastically. There was 
relatively low uptake of the heavy metals by the plants; however, they might have been crucially responsible for providing a favorable 
environment for soil restoring microorganisms in their rhizosphere. Observable habitat-restoration continues at the site, including the 
return of birds and insects and other wildlife, making this an ideal site for further research and demonstration for community awareness 
and education. 
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INTRODUCTION 
India now holds the dubious distinction of being among the top 10 waste-generating nations in the world [1]. A 2012 report by World 
Watch Institute placed the United States of America at first place and China at second, with daily municipal solid waste generation of 
621,000 tons and 521,000 tons, respectively [2]. At number 6, India’s daily municipal solid waste generation was estimated at  110,000 
tons. The report also calculated that only 25% of the world’s waste was being recycled or composted; 75% was either being 
incinerated or sent to landfills. 
The  Amrita  Institute  of  Medical  Sciences  (AIMS)  was started in 1998 to provide advanced healthcare services  at subsidized  
prices  or even free, to the ailing who could not afford to pay. In the fifteen years since its inception, the hospital’s annual patient 
turnover today averages over 7,80,000 outpatients and nearly 48,000 inpatients.  This 1450- bed super-specialty tertiary-care health 
centre is now part of the Amrita Health Sciences campus. Helping ensure   proper   waste   management   for   such   a sprawling   
complex   is not easy.  However,   the hospital   is dedicated   to achieving its vision of zero-waste.   Waste is carefully collected and 
segregation is encouraged at source. Recyclable materials are recycled.  Bio-hazardous   materials are incinerated   in a modern   
incinerator   installed   on the campus premises.  But, as in other Indian institutions, over 50% of the waste produced daily is organic. 
This waste is composted.  It is estimated that nearly 8 metric tons of organic waste is daily composted at AIMS today. 
MATERIALS & METHODS 
Restoration methods 
The restoration efforts were divided into three phases. During Phase 1, which lasted about six months, site cleanup was 
undertaken. Compost was made and spread over the former dumping ground. In Phase 2, clean soil was brought and mixed with 
the compost layer covering the black mud. Fresh vermicompost was introduced, which often included live earthworms and their 
eggs, and the planting of a forest garden began. In Phase 3, vetiver grass (Chrysopogon zizanioides) was planted while cleanup 
continued at all areas where dumping was formerly happening. 
Thermophilic composting 
Vetiver grass was planted while cleanup continued at all areas where dumping was formerly happening. The main activities in Phase 1 
included cleaning up the site and building good soil on the surface. All dumping and burning stopped in early 2010, when cleanup was 
initiated. Much of the surface of the island was spongy and often too wet and muddy to walk upon. Hence, dead plant material, also 
native weeds and grasses and materials like soiled cardboard were laid down to create a mat to walk upon without sinking into the 
mud. Upon this, thermophilic compost windrows were built using food waste and other dry carbon-rich material. Each day, 
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approximately 6-8 tons of organic matter was brought in from the AIMS as waste for composting. Conditions for good thermophillic 
composting in the windrows were maintained by keeping proper moisture content, having a C: N ratio of about 30:1, and adequate 
level of oxygen in the windrows. Dry carbonaceous matter was added when the waste had more moisture or higher nitrogen content to 
prevent it from rotting anaerobically, causing bad odors and attracting flies. The compost windrows reached temperatures of up to 
70°C. This necessitated the regular turning of the windrows to maintain aerobic conditions. 
Windrow composting was being made just to the right of the main structure as indicated by the green netting that was covering them. 
When mature, the compost was spread out to cover the toxic black mud. Once spread, new windrows were built on top. This continued 
for the first six months, resulting in a layer of 12-18 inches of compost covering the old landfill site. At this point, plants began 
emerging from the compost and grass was creeping in from around the edges. Insects and birds were also returning. In Phase 2, clean 
soil was added, and the planting of several varieties of plants was initiated.  
Vermicomposting 
Proper    processing    of   MSW    requires    an   integrated approach. Even before the roof was completed, we decided to build an 
adjacent facility for vermicomposting, in order to produce the highest quality compost.  Sophisticated high-tech flow-through or 
continuous-flow systems are used for vermicomposting in the West [3]. Here the pre-composted feedstock is not allowed to be 
piled up more than about 24" to maintain the cooler temperatures required by the worms. Shade is needed and moisture control 
is important.  We built a water moat around the outside to prevent ants from entering. Ants can be vicious predators.  We also built 
the floor in each section to drain to one corner, so as to collect the leachate. This leachate can potentially contain pathogens, 
because the worms have not usually had a chance to work through all the material in it. 
We initiated our vermicomposting operations using a combination of two types of composting worms, Eisenia fetida and Eudrilus  
eugeniae.   They have worked well together. In the windrow method, one can start with ready-to-eat feedstock and place a pile on 
the floor and add the worms. When the worms have worked over the initial pile, more feedstock can be added on one side, 
lengthening the windrow.  As worms move to the new food, they double in population in approximately   60 days.  This allows for 
the feeding of larger amounts of material at faster rates. As worms move  down  the  windrow,  the  section  towards  the  start  is 
allowed to dry out, encouraging  the worms to move towards the wetter  and  fresher  feedstock.  The oldest material is 
harvested and any worms recovered are sent back into the new piles. 
In  our  custom-designed  system,  windrows  will  run down either side, while in the center there will be two open tanks  with  
a  divider  running  down  the  middle,  essentially making  these  like  race  tracks  for  the  worms.  In  these  two center sections, 
we expect the worms to be going in circles as we  feed  on  one  side  of  the  pile  only,  leading  the  worms around the circle, 
harvesting  before the finish line meets the starting  line.  Today, we are feeding the worms mostly pre-composted and filtered food 
waste. The pre-composting decomposes the food waste enough so that it is not too spicy or too thick for the worms. Some cow 
dung slurry is added to the pre-compost, to wet the material sufficiently. We find that Eudrilus eugeniae is well suited to South 
India. Eisenia foetida becomes troublesome when the temperature rises above 85oF. So proper management is required. 
Bioremediation 
The vermicomposting is important to us. We are using it to help with the bioremediation of the site of our operations.  When we 
began, we already knew the soil was toxic without performing any tests. There were no ants, insects, worms, or birds.  It was a 
dead zone. Testing the soil samples revealed a very high concentration of heavy metals. We spread the thermal compost obtained 
from the first six months over the cleaned areas.  When we saw plants emerging from the compost, we knew we had achieved 
something significant.  Insects returned and so did the birds. Slowly the microbial life in the soil increased. We brought in clean 
soil and layered it over the compost. The vermicompost was added, and we began planting.  Now we find worms in the very soil 
of our garden, hat was once completely dead been completely absorbed and is not even recognizable as a separate layer. This, 
despite the fact that it was approximately 18"-24" thick. These results have been very encouraging.  The bioremediation   that has 
taken place was probably aided   by fungal,   or mycoremediation   [4].  The extremely woody nature of the compost that was 
initially spread must have had some effect.  We want to try with spreading even more wood chips and inoculating with beneficial 
fungi, such as mycelium. 
We would like to create a fungal mat, use beneficial fungi to help tie up salts and breakdown metals [4]. In seeking to further 
improve the soil biology, we are now sending samples to a certified international laboratory for conducting biological assays. We 
want to know what beneficial microbes are there and not there in the soil for the various crops that are growing. 
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Analysis of compost Soil and sediment 
The compost prepared on the site was one of the key factors in building good soil on the surface and enabling plant growth. Some 
physical and chemical properties of the prepared compost were tested and are reported in Table 1. The compost had relatively similar 
values of nitrogen and potassium, as compared to standard values [4]. However it was richer in phosphorous. The compost had an 
electrical conductivity of 0.26mS/cm at 25°C indicating that it was not saline. The extract had a nearly neutral pH. This compost was 
suitable for aiding plant growth.  
The island soil and river (backwaters) sediment showed a substantial presence of heavy metals (see Table 2). Except for mercury and 
cadmium, heavy metal concentrations were greater in the soil sample compared to the river sediment sample. The solid waste dumped 
and burned on the island and the polluted river water were the two likely sources of heavy metals in the soil and river sediment. The 
solid waste is more likely to be the dominant source of heavy metal contamination of the island soil. In the case of the river sediment, 
both the river water and some heavy metal-containing waste getting washed into the river could have contributed to the heavy metal 
contamination of the sediment. 
After the restoration efforts, drastic reduction in the concentrations of all heavy metals except Cd was observed (Table 2), indicating 
the success of the restoration efforts. Arsenic, mercury and nickel decreased to undetectable levels. Considerable decrease was also 
seen in the levels of copper, cobalt, lead and chromium. From these results, it is clear that the contamination by heavy metals has 
significantly diminished in the upper few inches of the black mud, just below the compost and clean soil layer. In the case of Cd, a 
29% increase in concentration was observed. However, we believe this to be due to the variation in the levels of contaminants at 
different locations on the site. Compared with the soil sample from the north side tested before the restoration efforts began, we can 
actually see a 57% decrease in the Cd concentration. The %  reduction was measured on the basis of the average between the north 
and south samples. Thus, the anomaly can be explained on the basis of the spatial variation in the heavy metal concentration. 
Heavy Metal Uptake by Plants 
Phytoremediation of the site was done by planting a variety of plants, including hyper accumulators like vetiver. The uptake of the 
heavy metals by the plants is known to reduce the levels of heavy metal contaminants in soil over a long period (phytoextraction). 
Vetiver grass and some vegetables planted in the area were tested for uptake and accumulation of the heavy metals. Growing food 
crops on heavy-metal contaminated land is not recommended. These experiments were undertaken only in order to measure the 
accumulation of heavy metals as a step in assessing the safety of growing food crops on restored land. The results reported in Table III 
show relatively low levels of heavy metal uptake by vetiver and the vegetables compared to the levels of the contaminants in the soil. 
Thus, there is little evidence for significant amounts of phytoaccumulation or phytoextraction. It is likely that the plants assisted in 
creating suitable conditions for the growth of favorable microorganisms in their rhizosphere.  
CONCLUSION 
This paper describes how dramatic success in Ecorestoration of heavy-metal contaminated sites can be obtained by the surface 
application of mulches and compost and by phytoremediation using vetiver and other plants. At the study site, habitat restoration has 
occurred to an observable extent, as many birds and insects have returned and the planted forest is flourishing and attracting wildlife. 
The drastic reduction in the heavy metal concentrations in the contaminated soil in a short span of three years indicates that 
remediation of the surface soil is achievable in the short term even though the remediation of contaminants buried deep in the ground 
might take a much longer time. The relatively low uptake of heavy metals by plants grown on the site indicates that the role of the 
plants in the restoration might be more a function of stimulating the growth of microorganisms that help in soil remediation than of the 
extraction of the heavy metals and accumulation in their biomass. Contamination of soils has become a major environmental concern 
worldwide. To be able to recover whatever degraded land we can, is of critical importance in this chemical age that continues to see 
increased loss of habitats and species due to human hubris. In our journey towards zero-waste, we realize that we need to find ways 
to clean the air, water and soil we have contaminated due to our thoughtless ways, and we need to do it now. 
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Table 1: Physico chemical properties of compost 
Measured Quantity Value  Standard  values[4] 
Nitrogen(mg/g) 520.77 500 
Phosphorous as PO4
2-
(mg/g) 1335.51 688 
Potassium(mg/g) 188.54 222 
pH  7.33 7 
Electrical Conductivity (ms/cm) 0.26 <4 
Table 2: Heavy metals in river sediment and island soil 
Metals analyzed Before restoration (mg/kg) After  restoration (mg/kg) % Reduction 
River sediment Soil North soil South soil Average 
Arsenic 0.1802 2.6841 BDL BDL BDL 100 
Cadmium 4.4429 0.3051 0.13 0.66 0.395 -29.47 
Copper 19.5317 25.0967 8.49 6.23 7.405 70.49 
Cobalt 3.809 7.2005 0.61 1.53 1.07 85.14 
Lead 8.8318 10.7701 5.55 2.08 3.815 64.58 
Mercury 2.8149 1.1916 BDL BDL BDL 100 
Nickel 20.1805 31.2946 BDL BDL BDL 100 
Chromium 34.0247 45.1451 0.35 0.57 0.49 98.98 
 
